Low levels of irradiation modify lipid domains in model membranes: a laser Raman study.
We have used Raman spectroscopy to study the effects of ionizing radiation on thermal transitions of dipalmitoyl lecithin + polyunsaturated fatty acid liposomes. Raman spectra in the CH (2800-3000 cm-1), C = C (1600-1680 cm-1), and C-C (1000-1150 cm-1) stretching regions are sensitive to ionizing radiation. The CH stretching of acyl chains yields three strong bands around 2850, 2880, and 2930 cm-1. The ratios of the relative intensities of 2880 and 2850 cm-1 bands, i.e., I2880/2850, when plotted against temperature show multiple infection points which correspond to multiple spectroscopic transitions. These are ascribed to a separate phase with distinctive proportions of lecithin and polyunsaturated fatty acids. We find these transitions sensitive to low levels of ionizing radiation. Doses as low as 5-15 rad after 48 h of 60Co gamma irradiation and 60 kVp X irradiation drastically broaden and shift the polyunsaturated rich phase which occurs at lower temperatures (-7 to +5 degrees C) than that of pure dipalmitoyl lecithin (39 degrees C). In addition a new transition around 46 degrees C also emerges upon irradiation (48 h postirradiation). These irradiation effects can be accelerated by the presence of catalytic amounts of Fe2+/EDTA +H2O2. The membrane transition modification is more sensitive to 60 kVp X rays in comparison to 60Co gamma rays owing to the high LET component of the former. The intensity of 1660 cm-1 band, assigned to C = C stretching in the cis-configuration, loses intensity upon irradiation. Concomitantly, a new band around 1675 cm-1, assigned to trans-configuration, emerges. Similarly the increase in the "order parameter" as calculated from the relative intensities of C--C stretching bands indicates rigidification of membrane. Various factors such as reduction in unsaturation, increase in trans-configuration, and the formation of multiple peroxidation products are invoked as lipid phase modifiers.